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FOREWORL

This technical report presents an acceptance-sampling procedure and
tabies of related sampling-inspection plans for the evaluation of lot
quality in terms of reliable life or its complement, quantile life, Also
included are tables of factors from which other sampling inspection clans
of desired form can be determined and for use in evaluating the operating
characteristics ot specified plans, In addition, other associated tables
of tactors are included tor determining the minimum |ifetesting time
required to provide & high level of assurance that reliable life require-
ments have been met. The Weibull distribution is used as a statistical model
for item litelength,

These procedures and tables have been prepared to supplement the plans
and procedures previously issued in Department of Defense Technical Reports
Number TR}i and Number TRh2 tor lot evaluation in terms of mean item life
and in terms of hazard rate. These two plus 1ii: iow report offer a com-
prehensive collection ot tables for life and reliability tasting based on
the wWeibull distribution.

The study upon which this report is based, as well as the work under-
lying the two previously issued, wzs done at Cornell University under a

contract sponsored by the Qffice of Naval Research,

Henry P. Goode

John H.K. Kao

Department of Industrial Engineering
and Adminicstration

Coliege of Engineering

Corne!l University



SECTION |
INTRODUCTION
| .| Summar

This technical report outlines an acceptance-sampling procedure and
presents tables of related sampling-inspection plans for the evzluation of
lot quality in terms of reliable life which is the life beyond which some
specitied proportion of the items will survive., Tables of plans are sup-
plied for three reliability indices, .50, .90, and .99. The Weibull distri-
bution, including the exponential and the Rayleigh distributions as special
cases, is assumed as a statistical model for item lifelength., The evalua-
tion of sample 1tems is by attributes with lifetesting being truncated at
the end of a specified period of time. Tables of conversion factors are
also provided from which other sampling-inspection plans of desired form
can be designed and for use in evaluating the operating characteristics of
other specified sampling-inspection plans in terms of item reliable lite.

A supplementary procedure and associated tables of fzciors are also
included for use in determining the minimum |ifetesting time required for
sample items to provide assurance at a confidence level of .95 that the
items in the lot or population meet the reliable life specified, Factors
are provided for this alternative procedure for a representative range of
sample sizes and acceptance numbers. Another table of factors are provided

tor lot evaluation under this procedure in terms of mean item life,

| ,2 Introduction

The sampling inspection tables and procedures presented in this report
evaluate item |lite for the lot in terms of reliable Iife which may be
defined as the life beycnd which some specified proportion of the items can
be expected to survive. (A more precise definition will be found in

Appendix A.) They have been prepared to supplement the Weibull plans and




procedures for the evaluation of lot quality in terms of mean life and in
terms ot hazard rate at some specified life which were pudlished as Depart-
ment of Defense Quality Control and Raliabiiity Technical Reports TR}' and
TRhe. This and related material mayv also be found in reports by the authors
published elsewhera.a’u’5’6
The papers previously published discuss the weibull distributicn at
some length, review the underlying assumptions required, show the relation-
ship between it 2nd the exponential distritution, and ofter much related
material. Also, an extensive discussion ot the Weibull distribution as a
statistical model for lifelength, together with material on estimating the

7 and a paper by Plaife.

weibull parameters can be found in & paper by Kao
Since this material is readily available, a general discussion of the
Weibu.l distribution will not be repeated in this report.

It may be well to note, however, that the Weibull distribution has
three parameters. One is a scale or characteristic |life parameter commonly
symbolized by the letter 5. For the plans and procedures presented here
this parameter is not of concern and need not be known or estimated; the
methods are independent of its magnitude. Another is a shape parameter,
conventionally symbolized by the letter B, This parameter is quite import-
ant tor the tables and methods presented in this report; they depend
directly on its magnitude, For appropriate application, the magnitude of
B must be known or must be assumed to approximate some given value. Such
knowledqge is usually obtained either directly or indirectly from the analy-
sis of past experimental aond inspection results., The third parameter is &
location or threshold parameter, commonly symboiized by the letter y. For
direct use of the procedures and tables presented here, it is assumed that
this parameter has zero value; that there is no Initial period of item lite

that is completely tree of any risk of failure. For many applications this
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will be the case. However, it it is known that y has some value other than

2ero, it is very easy to allow for this known value. This point will be
discussed in a following section of the report and an illustrative exampie
wi'l be given,

Basic tables of conversion factors for the design of required accept-
ance plans or the evaluation of specified plans, and comprehensive tables
of single-sampling acceptance inspection plans have been computed for an
extensive range of B, or shape parameter, values. For the conversion
tactors, B values of &, %, %, 1, 14, 1§, 2, 24, 3%, 4, and 5 have been
included. Tables of sampling inspection plans have been provided for the
range of B values most commonly encountered with the specific values of
4, 4, %, 1, 4, 13, 2, and 24 being included. It shouid be pointed out
that P values of less than | apply to products whose hazard rate is rela-
tively high in early lite and which decreases with the passage of time.

The smaller the value for B, the greater the rate of decrease. Such param-
eters seem to apply generally to & wide range of electronic components such
8s resistors and transistors. For a P value of exactly |, the Weibull dis-
tribution is the same as the exponential; the exponential distribution is,
in effect, a special case of the Weibull. At this parameter value the
hazard rate is constant and independent of the passage ot time, For B
values greater than | the hazard rate is relatively low earily in life and
increases with the passage of time. For a B value of exactiy 2, the
weibull distribution specializes to the Rayleigh distribution whose hazard
rate increases linearly with time. The larger the value of B, the greater
the rate ot increase. This ftorm of hazard rate pattern is typical of pro-
ducts tor which tailure is due to wear out or fatigue, as may be the case,
tor example, with ball bearings. Thus it should be cobvious that the value

tor this parameter is critical and must be known for the appropriate
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application ot & sampling inspection plan. This is true aiso, one should
observe, in the case of the exponential distribution; i.e., (B = )it must
be known or assumed the hazard rate is constant over time if exponential
plans are to be appropriately appliaed.

For each P value included, factors and sampling plans have been com-
puted for esch of three reliability indices or proportions, namely .50, .90,
and .99, selected for use in this study to define reliable life. It can
readily be seen that the reliable life P, is equivalent to the quantile of
order (I-r) of & distribution (see Reference 9, p. 181), It the reliabli-
ity index r is the spocitied survival probability at time p, then the reli-
able life P, is the theoretical |itelength associated with r. For example,
tor & product if p = 1000 hours and r = .90, 90% of the items can be
expected to have & life of 1000 hours or longer. Hence if r is chosen to
be close to unity, P, will be close to zero. On the other hand, if r can
be tolerably small, then . cen be very large indeed. The two trivial
cases have been omitted here for r « | and O for which pr = 0 end »
respectively. A special case of pr Is found when r a *, then the measure

p. is known as median life, §.

r
A notable area of application of the reliable life concept can be

found in the anti-friction bearing industry in which the rated bearing lite
for a given application is usually the reliable lite with the reliability
index r set equal to 90%. A bearing manufacturing firm, for example, lists
their bearing capacities based upon LB-10 Life (9'90) equal to 3000 hours
and & speed of 500 rpm, If a lite of other than 3000 hours is desired or
the actual speed is different from 500 rpm, the load capacity can be appro-
priately adjusted by using one of the so-called trade-off or acceleration

tactors similar to those well-known in the electronic component industry,




(untortunately, this information tor major electronic components is still
not widely available.)

Another example of application employing the concept of reliable !ife
is found in the area of biological assaying where, for example, the effi-
cac, or potency of a poisonous material such as an insecticide or & herbi-

0

. . . ! . I .
cide is characterized by its median laetha! dose, LD50 ~ which is the theo-

retical dosage corresponding to the insect's or plant's reliable life with
r = 50%, commonly known ds its median life.

Numercus other arezs of application can be cited; e.9., fotigue
testing ot metals or components, sensitivity testing of fuzes or primers,
and breakdown voltage testing of dielectric materials or insulators, to
name just & few. For this reason, the examples in this report which demon-
strate the use of various tables will not be restricted to any specific
ares of application, aithough the report is directed mainly to the areas of

tatigue testing and biological assaying.

In the area of tatigue testing, including testing to failure of most
anti-friction bearings, where the fatigue life for p % survival“’|2 is
exactly equal to the reliable life for r = p/100, the Weibull distribution
is found to be particularly useful'b"h. On the other hand, in the area
of biological assaying, although the lognormal distribution has been tradi-
tionally used'o, the Weibull distribution which can be made to have & shape

similar to a lognormal distribution should prove to be equally usetul.

!{.3 The Form of the Acceptance Procedure

The following acceptance sampling-inspection procedure has been
assumed for the plans and methods presented in this report:
(2) Select at random a sample of n items from the lot.

(b) Place these sample items on |ife test for some preassigned test

time t.
-5-




(c) Determine the number of items that tail prior to the termination
of the test (at time t),.

(d) Compare the number of items that fail with an acceptance number c
specitied for the selected plan. 1t the number that fail is equal to or
fess than the acceptance number, accept the lot; if the number that fail
exceeds it, reject the lot.

Lifelength measurements and specifications, and the test period, t,
may be in any appropriate measurable units -- minutes, hours, or stress
cycles endured, for example, While only single-sample acceptance plans
are included in this report, double-sampling or multiple-sampiing plans may
be constructed, if desired, through use of the basic conversion ratios pro-

vided,



SECTION 2
THE BASIC CONVERSION FACTORS

One may note that the acceptance procedure is of the familiar attri-
bute torm. The only modification is that the item quality of interest is
life and that testing for life is iruncated at some time t. Thus the lot
is eftectively evaluated in terms ¢t the proportion of items, p', that
can be expected to fail betore the test truncation time, With the shape
parameter, B, of the distribution known or given and with the test time, t,
specified, this proportion, p', is a functicn only of the reliable |ife for
the iot, p, and the reliability index, r, of the lot that is to have this
reliable life. Hence the operating characteristics of any specified
sampling-inspection plan depend only on t, p, and r (for any given value
tor B). So that the ratios and sompling plans wili be convenient for gen-
eral use, the dimensionless quantity t/p has been employed; one does not
have to work in terms of specitic values for test truncation time and reili-
able life, In practical application it will be found to be quite easy to
convert from a ratio to specifiz values of t and p, or from specified
values for these measures to the equivalent ratio. However the proportion
r that must have the specified reliable lite, p, could not be treated in
this convenient manner. It has been necessary to compute separately Lasic
tactors and tables of plans for each of the selected velues of r. As pre-
viously mentioned, these arer = ,50, r = .90, and r = .99.

As @ ftoundation for the reliable lite plans included in this report,
tables of basic conversion factors have accordingly been computed to show
tor the veibull distribution the relationship between p' and the ratio
t/p. These factors may also provide a basis for the design of other samp!-
ing inspection plans tor reliable life using techniques commonly employed

with the binomial, hypergeometric, or Poisson distributions in the design
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of ordinary attribute plans. Also, the conversion factors may be used to

evaluate plans in use or ones that have been specified for use, Examples

of such applications will be given.

These tables of factors will be tound at the end of this report as
Tables |-a,-b,-c, and 2-a,-b,-c, with r = .50 for a, r = .90 tor b, and
r = .99 for c. For convenience in taoulation and use, the value (t/p) x 100

has been employed rather than t/p, and p' is expressed as a percentage
rather than as a decimal fraction. Tables | list values for (t/p) x 100
tor specitied values of p'(%). Tables 2 list values for p'(%) for speci-
tied values ot (t/p) x 100. 1In each case, separate tables have been pre-
pared for each of the selected values for r. These two sets of tables are
meant to supplement each cther so as to provide convenient conversion in
either direction. Note also that by the provision ot these two supplement-
ary sets, & considerably wider range of conversion values is provided; the
tactors in one table are expanded in range in the region where they are
compressed in the other table, and vice versa. The values selected for
p'(%) and (t/p) x 100 from which to convert have been determined by the use
of a standard preferred number saries, Details of the mathematical steps
involved in establishing the (t/p) x 100 and p' relationships will be found’

in the appendix.

Example (|

A sampling inspection plan is required tor the evaluation of production
lots ot a product in terms of reliable lite, with reliable lite defined as
the life bayond which 50% ot the items can be expected to survive. A reli-
able life of 1000 hours is considered acceptable and for lots with this
relicble lite or longer the probability of acceptance should be high, say
.95 or more. A reliable lite ot UWOO hours is considered unaceegtable so

that lots with this reliable life or less should have a low probability of
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acceptance, say .05 or less. A test truncation time ot 100 hours is to
be employed. Exparience has indicated the Weibull distribution applies
with a value ftor the shape parameter of I§ and for the location parameter
o O. Thus, p = 100C at the AQL (acceptable quality level) for which
P(A) 2 .95, p = LOO at the RQL (rejectable quality level) for which
P(A) s .05, r = .50, t = 100, B = 1§, and y = O.

Through the use of Table 2a which contains conversion factors for
r = .50, values for p' ot the AQL ond the RQL can be determined. For the
values for t and p specified,

(t/p) x 100 = (100/1000) x 100 = 10 (at the AQL)

(t/p) x 100 = (100/400) x 100 25 (at the RQL).

3y entering Table 2a with these two values and reading from the cclumn
for the shape parameter vaiue, B, of I%, it is found that at the AQL
p' = 1.48(%) and at the RQL p' = 6,45(%). These are the respective proba-
bilities of item failure before the end of the |00 hour testing period.

With these two values for p', values tor n, the sample size, and ¢, the
acceptance number can be determined through any of the well-known methods
ordinarily used in the design of attribute sampling inspection plans. The

15

Poisson-based tables prepared by Cameron will serve seli tor this example,
Through use of these tables it is found that an acceptance number, ¢, of
either b or 5 will meet the requirements for p' reasonably well. Through
further use of Cameron's tables and with an acceptance number of 5, it is
found that a sample size of |64 will provide the required consumer's risk.
With this acceptance number and sample size, the tables indicate the proba-
bility of acceptance at the acceptable quality level will be tetween .95
and .975 so that the producer's risk requirement will also be met., An

alternative procedure for determining ¢ and n and one that is somewhat more

precise is to use a beta probability chart (which is based on the binomial
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distribution). One may be found in a paper by Kao.

Examp le (2!

For another application of sampling inspection in terms of reliable
lite, a Military Standard Plan has been specitied, one with an AQL of |.5%
and with Sample Size Code Letter K. For single sampling, the sample size
for this plan is 110 items and the acceptance number is 4. Reliable life
has been defined in this case as the life beyond which 90% of the items can
be expected to survive; i.e., r = .90. The testing of sample items is to
be truncated at LOO hours. The Weibull distribution can be assumed as a
litelength model with B = 24 and y = 0. The user of this plan would like
to know what its operating characteristics are in terms of reliable iife and
in particular what protection he as *he consumer will receive.

To determine these characteristics, the ftirst step is to determine for
the values for n and ¢ specified the corresponding p' values associated with
appropriate probabilities of acceptance. These valuves for p' may be
obtained approximately by reading them from the Operating Characteristic
curves supplied as a part of the MIL-STD-105C Plans or by use of cumulative
tables of the Poisson or binomial distributions. Examination of the operat-
ing characteristic curve for the selected plan supplied in the 105C Standard
indicates that at P(A) = .95, p' = 1.8% and at P(A) = .10, p' = T7.%
(approximately, in both cases). A check by means of Poisson tables willi
indicate these values are reasonably close to the right percentages.

The next step is to use these percentagas to determine from Table Ib,
which gives tables of conversion factors for r = .90, the corresponding
(t/p) x 100 values. With these values and with the value for t specitied,
only 8 simple computation is required as the final step necessary to tind
the desired reliable life values, At the acceptable quality level for which

p' = 1.8(%), through interpolation in the column ot factors for B = 2%, a
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value tor (r/p) x 100 ot L9.b can be found. With t = 40O, (4OC/p) x 100 =
L9.k or p = 810 hours. This, then, is the '"acceptable" reliable life; the
reliable lite required for the lot it the probability of acceptance is *o

be high. At the unacceptable quality level tor which p' = 7.3(%), inter-

polation in Table Ib will give a value of 87.5 for (t/p) x 100. Substitu-
tion of t = LOO gives (L0O/p) x 100 = 87.5 or p = 460 hours. Ttus if the

reliable life for a lot is 460 hours or less the probability of acceptance
will be low, nameiy .10 or less.

Under the use of MIL-STD-105C plans as selected for this example, the
alternatives of double-sampling and multiple sampiing are available. 1f
double sampling is employed, tor example, for Sample Size Letter K the first
sample size would be 75 and the second 150. For an AQL of |.5% the accept-
ance number would be 2 for the first sampie and the rejection number 8. For
tailures from the combined samples the acceptance number wouid be T and the
rejection number 8., All other elements of the procedure for double-sampling
would be employed. The test time for the first sample would be 40O hours,
the same as tor single sampling; likewise the test time tor the second
sample would have to be 400 hours. One mey note that a possible reduction
under double-sampling in the numper of sample items that may have to be
inspected can be achievad only by a8 doubling of the duration of the life-
testing time for some lots, Under double sampling or multiple sampling
employing the same Sample Size Code Letter and AQL, the operating character-

istics will obvious!y be closely the same as for single sampling.

Example (2)

Suppose that in another ap;iication the requirements for lot quality
and the inspection conditions are the same as ftor Example (2) with the
exception that y, the location or threshold parameter, is equal to 250

hours instead of O. As before, at P(A) = .95, p' = |.8% and the



corresponding (t/p) x 100 value is L9.L, Likewise, the (t/p) x 100 value
at P(A) = .10 for which p' = 7.3 is 87.5. However, now time values must

be considered in terms of y = 250. A new value t_, which is =t -7-=

t
o’ 0
L00-250 = IS0 must be computed and used in working with the factors from
the table. At the acceptable quality level now (To/po) x 100 = 49,4 or

(ISO/oO) x 100 = 49,4 which results in a value for p. of 300 hours for the

0
relative reliable life, This may be converted back to absolute or real
terms Dy simply cdding the value for y; thus p = 300 + 250 = 550 hours for
vhe acceptable reliable life. At the unacceptable quality level,

(fo/po) x 100 = 87.5 or (ISO/oO) x 100 = 87.5 which results in a value for
po of 170 hours. The real or absolute value for the unacceptable reliable

lite is p. + y which is 170 + 250 or 420 hours. 1In any application of the

0]

sampling plans or basic conversion factors presented in *his report, when
y has some value greater than O, all that must be done is to work with the

tabulated values in terms of t_ and o where t_ =t - 9 and pO= p - 7y. The

0 (O

solution in terms of TO or py may then be converted back to absolute or

real terms by odding the value for y.
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SECTION 3
THE TABLES OF SAMPLING PLANS

3. 1 Description of the Tables of Plans

This report also includes twenty-four tables of sampling inspection
plans. These tables cover eight values of the shape parameter, B, over the
range most frequently encountered in practice. For each f value, tables
have been prepared for each of the three values of the reliabilitfy index,
r, tor which the relationship between p' and (t/p) x 100 has been deter-
mined, These tables, Tables 3al through 5c8, will be tound at the end of
the report.

Each table lists for a range of acceptance numbers, c, the minimum
sample size, n, to be employed. A plan, or pair of ¢ and n values, is
available for a variety of (t/p) x 100 ratios and for each ratio, tor
acceptance numbers ranging from O to 10. The plans have been designed so
that if 100 times the ratio between the test-truncation time, t, and the
reliable life for the lot, p, is equal to the ratio value in the selected
column heading, the probability ot acceptance, P(A) will be .10 or less.
That is, a selected plan assures with 90% confidence or more the rejection
of lots for which the (t/p) x 100 rotio iy equel to or greater than the valte
shown in the column heading. 1t has been assumed that in the use of these
plans the consumer's risk will be of most importance. For this reason the
plans have been cataloged by their P(A) § .10 ratics. These ratios (as
shown in the column headings) are a common measure of consumer protection
and may be regarded in the same way as LTPD (lot tolerance per cent defect-
ive) values are regerded in describing the operating characteristics of
ordinary attribute or variables acceptance plans.

In addition, tor each ot the plans the (t/p) x 100 ratio has been deter-

mined tor which the probability of acceptance is .95 or more. Each of these
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P(A) & .95 ratio values will be found enclosed in parentheses immediate.y
under the corresponding sample size number. These ratio values may be
regarded in the same way that AQL (acceptable quality level) values ar; as
a measure of the producer's risk. If the item life distribution for 2 lot
is such that its (t/p) x 100 ratio is equal to or less than the table head-
ing value, the selected plan assures a P(A) & .95.

Thus the two ratio values, the one in the column heading and the one
in parentheses immediately below the sample size number, describe in broad
terms The cperating characteristics of each plan. If one or the other of
these values is specified for an acceptance inspection application, with
arddiiionel information, a suitable plan may be selected trom the tables.
Alternatively, the pair of values may be used to determine in approximate
terms the operating characteristics of a plan that has been specified or
that is in use and whose values for n and ¢ match reasonably well one of the
plans in the tables.

To make these plans available for general use, the binomial distribu-
tion and the Poisson distribution were employed in their design, Binomial
tables prepared by Grubbs'7 were used in the design of all plans using
acceptance numbers, ¢, up tc 9 and sample sizes, n, up to 150. The remain-
der of the plans, those foir ¢ = |0 and for sample sizes over |50, were
designad by employing the Poisson distribution as an approximation to the
binomial. Here use was made of np' values prepared by Cameron.lh In each
case of changing from the binomial to the Poisson distribution, the match
in sample sizes was checked. It was found to be close in all cases.
Furthermore, the slight differences that were found were on the conservative
side; the sample size under the Poisson was slightly l[arger than the number

theoretically required under the binomial assumption.
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3.2 Use of the Plans

In making use of the plans, one should recognize that the binomial
and Poisson distributions were employed in their design. For this reason
the size of the sample should be ralatively smal! compared to the size of
the lot, just as in the case of o'her pnblished tables of attribute
sampling-inspection plans. It the sample size is relatively large, the
probability values assigned to the (t/p) x 100 ratios will not precisely
apply. This point, however, should present |little difficulty in practice.
In addition to meking sure the sample size is not so large that it con-
stitutes a substantial portion of the lot, 8 few other practical points in
application should be observed. One is that if specified sample sizes are
tor practical reasons to be rounded off to the nearest number ending in
tive or zero (or to the nearest one hundred), this rounding off should be
to a number larger than the number given in the table. This will assure
the retention of the specified consumer's protection, P(A) = .10 or less.
Another point of practice that should usuvally be followed is that if a plan
is not available tor which the (t/p) x 100 ratio in the column heading
matches closely the desired ratio, a plan should be selected from the column
with the next sma.ler ratio value. By following this conservative practice’
8 confidence level of 90% or greater will be maintained in assuring that
the specitic minimum reliable life has been met. On the other hand, if
some acceptable ouality level must be guaranteed (a ratio or a reliable life
for which P(A) « .95) and & matching ratio value is not available in the
body of the tables, a plan with the next higher value should be used. If
this is done, a lo* with an acceptable reliable life will have P(A) 2 .95.
One should also note that when plans with the desired ratios are not avail-
able in the tables, interpolation may ca employed between the listed sample

sizes to find a new plan that does have more nearly the desired operating

-15-



characteristics. Finally, it should be noted that testing of sample items
for lots that are to be rejected can be terminatca after the acceptable
number of tailures hzs been exceeded. The lot is to be rejected and so
further testing will be of little use unless the sampling inspection date

is to be used to provide an estimate of the process average for the product

or the vendur. In the 'atter case, testing should continue for the full
period, t.
Example (4)

A sampling inspection plan for a product is required which will accept

with a probability of .10 or less lots whose reliable lite is 40O hours or
less. In this application reliable |life has been defined as the life beyond
which 90% of the items in the lot will survive (r = .90). The user would
also like to be able to assure the producer of the product that if the
reliable life for a lot is 2,000 hours or more, the probability of accept-
ance will be high, say .95 or greater, A test period of 200 hours is to be
employed. Through past experience with the product it has been established
that the one-parameter exponential distribution applies for item lifelength,
i.e., the Weibull distribution with the value tor B, the shape parameter,
being | and for y, the threshold parameter being O.

With these specifications tor the sampling plan, 100 times the ratio of
the test time, t, to the reliable lite, p, is (200/400) x 100 or 50 at the
unacceptable reliable life of 400 hours tor which P(A) $ ,10 has been speci-
tfied. At the acceptable reliable life of 2,000 hours the (t/p) x 100 ratio
is (200/2,000) x 100 or 20. An inspection plan meeting these ratio require-
ments will be found in Table 3bk which lists plans for B =1 and r = .90,
Any plan in the fitth column (headed 50) will meet the unacceptable reliable
lite specification, Of the plans assigned to this column, the last one has

a ratio value (in parentheses) of 20, the value required at the acceptable
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reliable lite. The plan is thus to use a sample size, n, of 301 and an

acceptance number, c, ot 10.

Example (5]

A plan has been specified for the acceptance inspection of & product
which requires that a samplie ot 375 items be drawn from the ot and tested
tor 500 hours. If no more than 7 items fail before the end ot the test
period, the lot is to be accepted; it more than this number fail, it is o
be rejected., Data from past inspection indicates a value tor the shape
parameter, B, of % applies with the location parameter, y, being O, The
user of this plan would |like to know shat its operating characteristics are
in terms of relicble life, with reliable life being defined as the median
lite or the life beyond which 50% ot the items can be expected to survive.

An answer may be found by inspection of Table 383 which tabulates plans
for B =% andr = .50. An examination of this table indicates & plan Is
tabulated approximating the one to be used, the plan for ¢ = T and n = 372,
For this plan the (t/p) x 100 value for which F(A) & .10 is tound (in the
corresponding columr heading) to be i.0. By the substitution of the test
period specified, 500 hours, for t in this ratio, one obtains
(SOO/p) x 100 = 1,0 or p = 50,000 hours. Thus if the reliable life is
50,000 hours or less, the probability of acceptance will be ,10 or less.
For this plan the ratio value at the acceptable reliable lite is .19 (as
shown by the number in parentheses under the sample size 372). By substi-
tution ot the specified value for t into the ratio, (500/p) x 100 = .19 or
p = 263,000 hours is obtained. This is the reliable lite for which the
probability ot acceptance will be .95.. These two values for reliable life
describe in a practical way the operating characteristics of the plan that

has been specitied.



Example !62

For 2 sixth example consider a case for which an underlying Rayleigh
distribution can be assumed, i.e., @ special Weibull distribution with the
shezpe parameter, B, equal to 2 and for which the threshold parameter, v,
equal to 1200 cycles. A plan is required for which the P(A) = .10 or less
if the reliable life is 6,000 cycles or less with reliable life being
defined as the life beyond which 99% of the items will survive. A test
truncation time of 5,000 cycles seems reasonable znd could be used. The
user would also like to know the effect of cutting the test time to 3,000
cycles.

In the selection of a plan reference must be made to Table 3c7 which
tabulates plans for ' = 2 and for r = .99. The first step is to convert
the specified values for t and p to relative values in terms of y = O, Thus
fO = 5,000 - 1,200 = 3,800 cycles and Py = 6,000 - 1,200 = 4,800 cycles.

The (fo/po) x 100 ratio is (3,800/4,800) x 100 = 79 or approximately 80,

Any plan in the column with this raetio heading in the table of plans will
meet the rejectable quality level requirements. One possibility is the plan
for which n = 349 and ¢ = 0. This provides the minimum sample size that

can be used,

The proposal to cut the test time to 3,000 cycles may now be considercd,
In this case fo = 3,000 - 1,200 = 1,800 cycles and Py = 6,000 - 1,200 =
4,800 cycles. The (fo/oo) x 100 ratio is now (1,800/4,800) x 100 = 38,

The nearest ratio available in the table is 4O, In the column with this
ratio heading, the best plan available (from the standpoint of sample size)
is the one ftor which ¢ = O and n = 1400. The penalty for reducing the test

period is thus to increase the sample size from 3L9 to 1400,

3.3 Choice of Acceptance Number

1t will be instructive to compare the two possibilities discussed in
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the above example in terms of the acceptavble reliable life, the lite for
which P(A) = .95. For the tirst one for which ¢ = 0, n = 349, and
+ = 5,000, the ratio at the AQ. is }2 (as shown by the figure in paren-
theses in the body ot the table of plans). Thus (fo/po) x 100 = i12 or
(5,800/00) x 100 = 12 from which one determines that p, = 32,000 cycles.
Conver ted back to absolute terms, p = P+ 7= 32,000 4 1,200 or 23,700
cycles. This must be the reliable life if the lot is to have a high prob-
ability of acceptarce. For tne second possibility for which n = 1400,
c =0, and t = 3,000, the ratio at the AQL is 5.9. Thus (|,800/po) x 100 =
5.9 or Pg = 31,000 cycles. Converted to absolute terms, p = 31,000 + 1,200
or 32,200 cycles which is approximately the same AQL requirement as for the
tirst plan., Thus it should moke no difference to the producer which plan
is used., These computztions just made illustrate a unique feature ot the
weibull plans for lite and reliability testing;, the ability ot a plan to
discriminate between cood and bad lots depends on the size of the accept-
ance number rather than on the size of the sample (as is the case for ordi-
nary attribute sampling plans). For any given acceptance number (given some
value for B) a nearly constant ratio will be found between the acceptable
reliable life and the unacceptable reliable life regardiess of the genera!
level of these lives and regardiess of the sample sizes specified. This
will also be the case regardless of the value chosen for the proportion r
that must survive,
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